A. Synthesis and Possible Formation Mechanism of NiO Nanoflakes and NiO
Nanoparticles Synthesis of NiO nanoflakes (NF) was carried out by dissolving 2.5 g NiSO 4 and 0.5 g potassium persulfate into 200 mL distilled water and subsequent stirring at 50 o C for 15 mins.
An amount of 2.5 mL NH 4 OH was then added drop wise into the solution. The possible reaction mechanism to yield Ni(OH) 2 is described as follows: Synthesis of compact NiO nanoparticles (NP) was carried out by preparing 0.1 M of Ni(CH 3 COOH) 2 .2H 2 O in diethylene glycol (DEG) and heating at 180 o C. Once the reaction temperature reached 150 o C, 10 mL of distilled water was injected and the solution was stirred for 2h. A green solution was obtained and cooled down in a flask and centrifuged. The reaction solution was annealed at 450 o C for 2h to obtain NiO NP. The possible reaction mechanism to yield Ni(OH) 2 is described as follows:
Condensation between the hydrolyzed Ni(CH 3 COO)(OH) yields a Ni-O-Ni bond
Ni (CH 3 COO) 2 2+ , is based on the Raman spectra reported in literature. [1] [2] [3] Fig. S1. Raman spectra of reaction solution containing intermediates during the synthesis of (a) NiO NP and (b) NiO NF. In order to assess the Ni(OH) 2 polymorph prior to transform into pristine NiO, FTIR measurements were carried out. Theoretical calculation and experimental data of the IR vibrational mode of and -Ni(OH) 2 have been reported in literatures. [1] [2] [3] [4] [5] [6] In general, a broad peak between 3500 and 3200 cm -1 is attributed to the O-H stretching of free H 2 O originating from either -or -Ni(OH) 2 . Therefore, assignment in this frequency range is not considered. In a good agreement with DSC analyses described in the main paper, the results from XRD measurement confirm that NiO crystalline can be obtained by minimum annealing temperature of 300 o C for NiO NP and NiO NF. Broad peak of crystal plane reveals implicitly the effect of crystal defects and dislocation, further verified by PL emission. According to the Scherrer's estimation the average crystallite size is 2.4 and 2.7 nm for NiO NF annealed at 300 o C and 400 o C, respectively, while NiO NP has crystallite size of 28.8 nm. 
B. Optical and Physical Properties of NiO Nanostructures
Optical properties is assessed from the UV/vis absorption and emission measurement.
Absorption band in the range of 370 -390 nm is observed at room temperature and the absorption onset is systematically red-shifted upon higher annealing temperature. The The physical properties, particularly the surface area and the pore distribution, is assessed by BET measurements (Fig. S8 ). For NiO NP and NiO NF, N 2 adsorption-desorption curves shows typical type IV isotherm curves indicating the both NiO structures possess mesoporous structures (verified by BJH pore distribution showing peak pore distribution at 1.882 nm). For NiO NF, the presence of type H2 hysteresis loop at higher pressure shows disordered materials with unwell defined pore size and shape distribution as also observed in SEM images. Nonetheless, from BET calculation the specific surface area of NiO NF is 121.9 m 2 /g, which is a class of large surface area p-type semiconductor. Meanwhile, the specific surface area of NiO NS and NiO NP is 44.9 and 21.2 m 2 /g, respectively. 
C. Electrochemical Characterization of NiO Nanostructures
To investigate the effect of defects and trapping states on the performance of NiO nanostructures as a photocathode material in DSSCs, NiO NS, NiO NP, and NiO NF are deposited on FTO glass and annealed at a certain heat treatment to avoid surface cracks (Fig.   S9 ). VersaSTAT). The amplitude of ac potential was 10 mV and the applied frequency was 1 kHz.
The selected potential range was based on the current-voltage measurement where the flat current was obtained using LSV (linear scan voltammetry) technique. Capacitance (C) of NiO was extracted by fitting the impedance data (Nyquist and Bode plot) using modified Randle circuit as equivalent circuit model, i.e. the ideal capacitor was replaced with constant phase element (pseudocapacitor). 11 The extrapolation of plot C -2 vs. electrode potential of NiO to xaxis ( Fig. S10 ) reflects the flat band potential which is close to valence band edge of NiO. 
where  VB is valence band lifetime, E F is Fermi potential, e red is transition probabilities, C µ (vb,bt,st) is chemical capacitance of valence band state (cb) , surface traps (st) and bulk traps (bt) . 
